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1. Test Certification 


Pixel Photo Fram 
Model No. 


: Divoom 


Shenzhen Divoom Technology Co., LTD. 


1st floor, 5th Building, Xinlianhe Industrial Park, Jincheng Road, 
Shajing Town, Bao'an, Shenzhen, 518000 China 


Manufacturer: | Shenzhen Divoom Technology Co., LTD. 


Address: 1st floor, 5th Building, Xinlianhe Industrial Park, Jincheng Road, 
Shajing Town, Bao'an, Shenzhen, 518000 China 


Date of Test: Aug. 01, 2018 — Aug. 07, 2018 
Standards: FCC CFR Title 47 Part 15 Subpart C Section 15.247 


The above equipment has been tested by Shenzhen Tongce Testing Lab. and found 
compliance with the requirements set forth in the technical standards mentioned above. The 
results of testing in this report apply only to the product/system, which was tested. Other 
similar equipment will not necessarily produce the same results due to production tolerance 
and measurement uncertainties. 





Tested By: derr Ke Date: Aug. 07, 2018 





Jerry Xie 
Reviewed By: Date: Aug. 08, 2018 
Approved By: Date: Aug. 08, 2018 
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2. Test Result Summary 


Antenna Requirement $15.203/815.247 (c) PASS 


AC Power Line Conducted 815.207 PASS 
Emission 


Conducted Peak Output §15.247 (b)(1) 


PASS 
Power §2.1046 


| ! 615.247 )3()1( 
20dB Occupied Bandwidth PASS 
82.1049 


Carrier Frequencies 
Separation 515.247 )2()1( PASS 


Hopping Channel Number 615.247 )3()1( PASS 
Dwell Time 615.247 )3()1( PASS 


| о, §15.205/§15.209 
Radiated Emission PASS 
§2.1053, §2.1057 


§15.247(d) 
Band Edge PASS 
§2.1051, §2.1057 





Note: 
1. PASS: Test item meets the requirement. 
2. Fail: Test item does not meet the requirement. 
3. N/A: Test case does not apply to the test object. 
4, The test result judgment is decided by the limit of test standard. 
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3. EUT Description 


wo [mem 
Rechargeable Li-ion battery DC 3.6V 


Operation Frequency each of channel for GFSK, 1r/4-DQPSK, 8DPSK 


hannel | Frequency [Channel| Frequency [Channel Frequency Channel Frequency 
2462MHz 
| 61 | 2469MHz 
اس لس سس‎ 
10 70 | 2472MHz 
መ. 





11 71 | 2473MHz 
Hun  ሽሸ ፖ ፖ | ፦ | 
18 78 | 2480MHz 


19 


Remark: Channel 0, 39 &78 have been tested for GFSK, mrr/4-DQPSK, SDPSK 
modulation mode. 
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4. Qenera Information 
4.1. Test environment and mode 


Report No.: TCT180731E006 


Operating Environment: 


Humidity: 56 % RH 
Atmospheric Pressure: 1010 mbar 


Test Mode: 


Engineering mode: Keep the EUT in continuous transmitting 


by select channel and modulations with 
Fully-charged battery 


The sample was placed 0.8m & 1.5m for the measurement below & above 1GHz 
above the ground plane of 3m chamber. Measurements in both horizontal and vertical 
polarities were performed. During the test, each emission was maximized by: having 
the EUT continuously working, investigated all operating modes, rotated about all 3 
axis (X, Y & Z) and considered typical configuration to obtain worst position, 
manipulating interconnecting cables, rotating the turntable, varying antenna height 
from 1m to 4m in both horizontal and vertical polarizations. The emissions worst-case 
are shown in Test Results of the following pages. 





4.2. Description of Support Units 


The EUT has been tested as an independent unit together with other necessary 


accessories or support units. The following support units or accessories were used to 
form a representative test configuration during the tests. 





adapter |Хс:0501000-06-В ADAPTER 


Note: 


1. All the equipment/cables were placed in the worst-case configuration to maximize the emission during the test. 


2. Grounding was established in accordance with the manufacturer’s requirements and conditions for the intended 
use. 


3. For conducted measurements (Output Power, 20dB Occupied Bandwidth, Carrier Frequencies Separation, 
Hopping Channel Number, Dwell Time, Spurious Emissions), the antenna of EUT is connected to the test 
equipment via temporary antenna connector, the antenna connector is soldered on the antenna port of EUT, and 
the temporary antenna connector is listed in the Test Instruments. 
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5. Facilities and Accreditations 


5.1. Facilities 

The test facility is recognized, certified, or accredited by the following organizations: 

e FCC - Registration No.: 645098 
Shenzhen Tongce Testing Lab 
The 3m Semi-anechoic chamber has been registered and fully described in a report 
with the (FCC) Federal Communications Commission. The acceptance letter from the 
FCC is maintained in our files. 

e IC - Registration No.: 10668A-1 
The 3m Semi-anechoic chamber of Shenzhen TCT Testing Technology Co., Ltd. has 
been registered by Certification and Engineering Bureau of Industry Canada for radio 
equipment testing 


5.2. Location 


Shenzhen Tongce Testing Lab 

Address: 1B/F., Building 1, Yibaolai Industrial Park, Qiaotou, Fuyong, Baoan District, 
shenzhen, Guangdong, China 

Tel: 86-755-27673339 


5.3. Measurement Uncertainty 


The reported uncertainty of measurement y + U, where expended uncertainty U is based 
on a standard uncertainty multiplied by a coverage factor of k=2, providing a level of 
confidence of approximately 95 %. 


Conducted Emission +2,5605 
HF power, conducted +0.12dB 


Spurious emissions, conducted +0.11dB 
All emissions, radiated(<1G) +3.92dB 


All emissions, radiated(>1G) +4.28dB 


Humidity +1.0% 
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6. Test Results and Measurement Data 


6.1. Antenna requirement 


Standard requirement: FCC Part15 C Section 15.203 /247(c) 


15.203 requirement: 

An intentional radiator shall be designed to ensure that no antenna other than that 
furnished by the responsible party shall be used with the device. The use ofa 
permanently attached antenna or of an antenna that uses a unique coupling to the 
intentional radiator, the manufacturer may design the unit so that a broken antenna 
can be replaced by the user, but the use of a standard antenna jack or electrical 


connector is prohibited. 

15.247(c) (1)(i) requirement: 

(1) Systems operating in the 2400-2483.5 MHz band that is used exclusively for fixed. 
Point-to-point operations may employ transmitting antennas with directional gain 
greater than 6dBi provided the maximum conducted output power of the intentional 
radiator is reduced by 1 dB for every 3 dB that the directional gain of the antenna 
exceeds 6dBi. 


E.U.T Antenna: 


The Bluetooth antenna is PCB antenna which permanently attached, and the best 
case gain of the antenna is OdBi. 








j лл ga 1 


| 


-” 0. ዐሮ ዐ፻ 0» ዐና 09 ዐረ 08 05 0010፥ 05 06 0ነ 05 09 0ረ 08 06 00201 02 0 0 S 
TA 


09.02 08 06 00lo1 oz o¢ ov os 09 oz 08 06 00Zo1 oz oF oF 0S 09 OF OEM 
H 1813 1 FEH Hry | ۱ I 1٢ 0 


| ፖይ ተ ኣፌ 
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6.2. Conducted Emission 


6.2.1. Test Specification 


FCC Part15 C Section 15.207 

ANSI C63.10:2013 

150 kHz to 30 MHz 

RBW-9 kHz, VBW-30 kHz, Sweep time-auto 


Frequency range Limit (dBuV) 
(MHz) Quasi-peak 
4 


0.15-0.5 66 to 56" 56 to 46" 


Reference Plane 





Test Setup: 


Remark 

E.U TF Equipment Under fest 

LISAN Line inpedence Stabilization Network 
Test table heighi-ü 6m 


1. The E.U.T is connected to an adapter through a line 
impedance stabilization network (L.I.S.N.). This 
provides a 50ohm/50uH coupling impedance for the 
measuring equipment. 

. The peripheral devices are also connected to the main 
power through a LISN that provides a 50ohm/50uH 
coupling impedance with 50ohm termination. (Please 
refer to the block diagram of the test setup and 
photographs). 

.Both sides of A.C. line are checked for maximum 
conducted interference. In order to find the maximum 
emission, the relative positions of equipment and all of 
the interface cables must be changed according to 
ANSI C63.10:2013 on conducted measurement. 


Test Result: PASS 


Test Procedure: 
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6.2.2. Test Instruments 


Conducted Emission Shielding Room Test Site (843) 


Equipment İ Manufacturer 1 Model İ Serial Number | Calibration Due 
Test Receiver | R&S | ESPI | 10140! Sep.27,2018 


. [6. .- Schwarzbeck | NSLK 8126 8126453 Sep. 27, 2018 
روس‎ — 
EMI Test Software | _ 476 EZ-EMC 
Technolog 


Note: The calibration interval of the above test instruments is 12 months and the calibrations are traceable to 





international system unit (SI). 
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6.2.3. Test data 


Please refer to following diagram for individual 


Conducted Emission on Line Terminal of the power line (150 kHz to 30MHz) 


30.0 dBuy 


70 








FCC Part 15C | Conduction(HFP] 
60 


FCC Part 15C Conduchon[AVG] 
50 


40 


Freq. = Emission frequency in MHz 


Reading level (dBuV) = Receiver reading 
Corr. Factor (dB) = Antenna factor + Cable loss 
Measurement (dBuV) = Reading level (dBuV) + Corr. Factor (dB) 
Limit (dBuV) = Limit stated in standard 
Margin (dB) - Measurement (dBuV) — Limits (dBuV) 
Q.P. -Quasi-Peak 
AVG -average 

” is meaning the worst frequency has been tested in the frequency range 150 kHz to 30MHz 


Hotline: 400-6611-140 


1 
1 3 
an ለ | 4 
ኀህትኘ JY n WM peak 
20 ul 
AVG 
10 ری‎ rm un AA aal 
ә ۱ 
"m Vl uel de uidit iih 
0.150 0.5 [MHz] 5 30.000 
site Phase: L1 Temperature: 25 
Limit: FCC Part 15C Conduction(QP) Power. AC 120V/60Hz Humidity: 55 % 
EUT: Pixel Photo Fram 
Reading Correct Measure- ات تت‎ 
No. Mk. Freq. Level Factor ment Limit Over 
MHz dBuV dB dBuV dBuV dB Detector Comment 
1 0.2490 22.81 10.20 33.01 61.79 -28.78 peak 
2” 0.3615 25.17 10.20 35.37 58.69 -23.32 peak 
3 0.6855 20.15 10.18 30.33 56.00 -25.67 peak 
4 1.7790 18.25 10.18 28.43 56.00 -27.57 peak 
5 22.6904 24.83 10.29 29.12 60.00 -24.88 peak 
6 28.0230 24.36 10.32 34.68 60.00 -25.32 peak 
Note: 
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Conducted Emission on Neutral Terminal of the power line (150 kHz to 30MHz) 


80.0 — dBuV 


70 








60 


30 


40 


FCC Part 15C) Conduction(HFP] 


FCC Part 15C Conduchonf{A¥G) 


2 
3 d 5 
۳ “|” “Мун | 
- мим ијинә Ӱт 
uy "M P AVG 
1 Bou ی‎ 
00 "Taa 0 ٢٢٣ 
0.150 0.5 [MHz] 5 30.000 
Site Phase: N Temperature: 25 
Limit FCC Part 15C Conduction(QP) Power. AC 120V/60Hz Humidity: 55 "6 
EUT: Pixel Photo Fram 
Reading Correct Measure- 
No. Mk. Freq. Level Factor ment Limit Over 
MHz dBuV dB dBuV dBuV dB Detector Comment 
1 0.2805 24.60 10.20 34.80 60.80 -26.00 peak 
2 " 0.3165 23.67 10.20 33.87 59.80 -25.93 peak 
3 0.5639 19.29 10.19 29.48 56.00 -26.52 peak 
4 1.0365 18.27 10.17 28.44 56.00 -27.56 peak 
5 1.3785 19.02 10.17 29.19 56.00 -26.81 peak 
6 26.0565 20.99 10.31 31.30 60.00 -28.70 peak 
Note1: 
Freq. = Emission frequency in MHz 
Reading level (dBuV) = Receiver reading 
Corr. Factor (dB) = Antenna factor + Cable loss 
Measurement (dBuV) = Reading level (dBuV) + Corr. Factor (dB) 
Limit (dBuV) = Limit stated in standard 
Margin (dB) = Measurement (dBuV) — Limits (dBuV) 
Q.P. =Quasi-Peak AVG =average 
* is meaning the worst frequency has been tested in the frequency range 150 kHz to 30MHz. 
Note2: 


Measurements were conducted in all three channels (high, middle, low) and three modulation (GFSK, 
Pi/4 DQPSK, 8DPSK), and the worst case Mode (Middle channel and 8DPSK) was submitted only. 
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6.3. Conducted Output Power 


6.3.1. Test Specification 


Test Requirement: FCC Part15 C Section 15.247 (b 
Test Method: ANSI C63.10:2013 


Section 15.247 (b) The maximum peak conducted output 
power of the intentional radiator shall not exceed the 
following: (1) For frequency hopping systems operating 
in the 2400-2483.5 MHz band employing at least 75 
non-overlapping hopping channels, and all frequency 
hopping systems in the 5725-5850 MHz band: 1 watt. 
For all other frequency hopping systems in the 
2400-2483.5 MHz band 0.125 watts. 


Spectrum Analyzer 
Test Mode: Transmitting mode with modulation 


Use the following spectrum analyzer settings: 
Span = approximately 5 times the 20 dB bandwidth, 
centered on a hopping channel 
RBW > the 20 dB bandwidth of the emission being 
measured VBW > RBW 
Test Procedure: Sweep = auto 
Detector function = peak 
Trace = max hold 
Allow the trace to stabilize. 
Use the marker-to-peak function to set the marker to the 
peak of the emission. 





Test Result: 


6.3.2. Test Instruments 


ә Serial Number | Calibration Due 

| Spectrum Analyzer. Analyzer Agilent N9020A MY49100060 Sep. 27, 2018 
RF Cable 

antenna el. i اس‎ RFC-01 — Sep. 27, 2018 


Note: The calibration DE! of the above test instruments is 12 months and the calibrations are traceable to 





international system unit (SI). 
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6.3.3. Test Data 
GFSK mode 


Test channel Peak .... Povver Limit (dBm) 
| Lowest | | - 023. |» . 23 30.00 PASS 


Pi/ADQPSK mode 


Test channel Peak 7 Povver Limit (dBm) 


| Lowest | 1.60 - 1.60 - 21.00 PASS 


8DPSK mode 


Test channel Peak ገጨ ተ ام‎ Power Limit (dBm) 
| Lowest | 2. WII<IIIIIIII 21.00 PASS 


Test plots as follows: 





Page 14 of 61 


Hotline: 400-6611-140 Tel: 86-755-27673339 Fax: 86-755-27673332 _http:/www.tct-lab.com 





TCT 


GFSK Modulation 
Lowest channel 


E:INT 10:04:57 A 


Center Freq 2.402000000 GHz Avg Type: Log-Pwr 


PNO: Fast لها‎ Trig: Free Run Avg|Hold> 100/100 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.402000000 GHz 


Start Freq 
2.400500000 GHz 


Stop Freq 
2.403500000 GHz 


CF Step 
300.000 kHz 


Freq Offset 
0 Hz 


Center 2.402000 GHz Span 3.000 MHz 
#Res BW 1.0 MHz #VBW 3.0 MHz Sweep 1.000 ms (1001 pts) 


Middle channel 


ENSE:INT ALIGN AUT 


Center Freq 2.441000000 GHz 1 Avg Type: Log-Pwr 
PNO: Fast (.) Trig: Free Run Avg|Hold> 100/100 


lFGain:Low ^ — MAtten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441000000 GHz 


StartFreq 
2.439500000 GHz 


Stop Freq 
2.442500000 GHz 


CF Step 
300.000 kHz 


Freq Offset 
0Hz 


Center 2.441000 GHz | Span 3.000 MHz 
#Res BW 1.0 MHz #VBW 3.0 MHz Sweep 1.000 ms (1001 pts) 


i مم‎ 
Highest channel 


ALIGN AUT 10:07:03 AM A 


Center Freq 2.480000000 GHz | Avg Type: Log-Pwr — 
PNO: Fast Gp Trig: Free Run Avg|Hold:- 100/100 ra 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 


2.480000000 GHz 


StartFreq 
2.478500000 GHz 


Stop Freq 
2.481500000 GHz 


CF Step 
300.000 kHz 


Freq Offset 
0 Hz 


Center 2.480000 GHz Span 3.000 MHz 
#Res BW 1.0 MHz #VBW 3.0 MHz Sweep 1.000 ms (1001 pts) 
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Pi/4DQPSK Modulation 
Lowest channel 


E:INT 10:09:45 AM 


Center Freq 2.402000000 GHz Avg Type: Log-Pwr 


PNO: Fast ها‎ Trig: Free Run Avg|Hold> 100/100 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.402000000 GHz 


Start Freq 
2.399000000 GHz 


Stop Freq 
2.405000000 GHz 


CF Step 
600.000 kHz 


Freq Offset 
0 Hz 


Center 2.402000 GHz Span 6.000 MHz 
#Res BW 3.0 MHz #VBW 8.0 MHz Sweep 1.000 ms (1001 pts) 


Middle channel 


ENSE:INT ALIGN ALTI 10:08:55 A 


Center Freq 2.441000000 GHz : Avg Type: Log-Pwr 
PNO:Fast (4^ Trig: Free Run Avg|Hold> 100/100 


lFGain:Low ^ — MAtten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441000000 GHz 


StartFreq 
2.438000000 GHz 


Stop Freq 
2.444000000 GHz 


CF Step 
600.000 kHz 


Freq Offset 
0Hz 


Center 2.441000 GHz | Span 6.000 MHz 
Res BW 3.0 MHz #VBW 8.0 MHz Sweep 1.000 ms (1001 pts) 


—р—— ә 
Highest channel 


ALIGN AUT 10:08:19 AM A 


Center Freq 2.480000000 GHz | Avg Type: Log-Pwr — 
PNO: Fast Cp Trig: Free Run Avg|Hold>100/100 Pe 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 


2.480000000 GHz 


StartFreq 
2.477000000 GHz 


Stop Freq 
2.483000000 GHz 


CF Step 
600.000 kHz 


Freq Offset 
0 Hz 


Center 2.480000 GHz Span 6.000 MHz 
#Res BW 3.0 MHz #VBW 8.0 MHz Sweep 1.000 ms (1001 pts) 
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8DPSK Modulation 
Lowest channel 


RF - / E:INT ALIGN AUT 10:10:19 AM 
Center Freq 2.402000000 GHz Avg Type: Log-Pwr — 


PNO: Fast G- Trig: Free Run Avg|Hold> 100/100 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.402000000 GHz 


Start Freq 
2.399000000 GHz 


Stop Freq 
2.405000000 GHz 


CF Step 
600.000 kHz 


Freq Offset 
0 Hz 


Center 2.402000 GHz Span 6.000 MHz 
#Res BW 3.0 MHz #VBW 8.0 MHz Sweep 1.000 ms (1001 pts) 


Middle channel 


RF 5 : ENSE:INT ALIGN AUTI 10:11:01 AM 
Center Freq 2.441000000 GHz : Avg Type: Log-Pwr 
PNO: Fast ليا‎ Trig: Free Run Avg|Hold> 100/100 
IFGain:Low #Atten: 20 dB 





Ref Offset0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441000000 GHz 


Start Freq 
2.438000000 GHz 


Stop Freq 
2.444000000 GHz 


CF Step 
600.000 kHz 


Freq Offset 
0 Hz 


Center 2.441000 GHz | Span 6.000 MHz 
Res BW 3.0 MHz #VBW 8.0 MHz Sweep 1.000 ms (1001 pts) 


Alignment Completed 





Highest channel 


Sl TGN ALIT 
ALIGN £ 


Center Freq 2.480000000 GHz | Avg Type: Log-Pwr 
PNO: Fast Gp Trig: Free Run Avg|Hold:- 100/100 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.480000000 GHz 


StartFreq 
2.477000000 GHz 


Stop Freq 
2.483000000 GHz 


CF Step 
600.000 kHz 


Freq Offset 
0 Hz 


Center 2.480000 GHz Span 6.000 MHz 
#Res BW 3.0 MHz #VBW 8.0 MHz Sweep 1.000 ms (1001 pts) 
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6.4. 20dB Occupy Bandwidth 


6.4.1. Test Specification 


Test Requirement: FCC Part15 C Section 15.247 (a)(1) 
Test Method: ANSI C63.10:2013 





Spectrum Analyzer 


Test Mode: Transmitting mode with modulation 


1. The testing follows ANSI C63.10:2013 Measurement 
Guidelines. 
2. The RF output of EUT was connected to the spectrum 


analyzer by RF cable and attenuator. The path loss 
was compensated to the results for each 
measurement. 

3. Set to the maximum power setting and enable the 
EUT transmit continuously. 

4. Use the following spectrum analyzer settings for 20dB 
Bandwidth measurement. 
Span = approximately 2 to 5 times the 20 dB 
bandwidth, centered on a hopping channel; 1%<RBW 
<5% of the 20 dB bandwidth; VBW23RBW; 
Sweep = auto; Detector function = peak; Trace = max 
hold. 

5. Measure and record the results in the test report. 


Test Procedure: 


Test Result: 





6.4.2. Test Instruments 


— Equipment | Manufacturer | Model Serial Number | Calibration Due 

Spectrum Analyzer Agilent N9020A MY49100060 | Sep. 27, 2018 
RF Cable 

Antenna Connector] TCT = RFC-01 Sep. 27, 2018 


Note: The calibration interval of the above test instruments is 12 months and the calibrations are traceable to 





international system unit (SI). 
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6.4.3. Test data 


20dB Occupy Bandwidth (KHz) 
Test channel 


Test plots as follows: 
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TCT 


GFSK Modulation 


L 


Center Freq 2.402000000 GHz 


#IFGain:Low 


Ref 10.00 dBm 


Center 2.402 GHz 
#Res BW 30 kHz 


Occupied Bandwidth 


ENSE:INT ALIGN AUT 
Center Freq: 2.402000000 GHz 
Avg|Hold> 10/10 


Trig: Free Run 
#Atten: 20 dB 


#VBW 100 kHz 


Total Power 


972.61 kHz 


Transmit Freq Error 
x dB Bandwidth 


L 


Center Freq 2.441000000 GHz 


NIFGain:Low 


Ref 10.00 dBm 


Center 2.441 GHz 
#Res BW 30 KHz 


Occupied Bandwidth 


-67.635 kHz 
990.4 kHz x dB 


OBW Power 


SENSE:INT ALIGN AUT 
Center Freq: 2.441000000 GHz 
Avg|Hold> 10/10 


Trig: Free Run 
#Atten: 20 dB 


#VBW 100 kHz 


Total Power 


929.06 kHz 


Transmit Freq Error 
x dB Bandwidth 


-25.589 kHz 
942.5 kHz x dB 


OBW Power 


Lowest channel 


09:57:09 AM Aug 07, 2018 
Radio Std: None 


Radio Device: BTS 


Center Freq 
2.402000000 GHz 


Span 3 MHz 


Sweep 3.2ms CF Step 


300.000 kHz 


8.40 dBm nn وس‎ 


Freq Offset 
99.00 % 0 Hz 


-20.00 dB 





Middle channel 


09:58:35 AM Aug 07, 2018 
Radio Std: None 


Radio Device: BTS 


Center Freq 
2.441000000 GHz 


Span 3 MHz 


Sweep 3.2 ms CF Step 


300.000 kHz 


A M 
8.54 dBm — =. 


Freq Offset 
99.00 % 0 Hz 


-20.00 dB 





Highest channel 


L 


Center Freq 2.480000000 GHz 


NIFGain:Low 


Ref 10.00 dBm 


Center 2.48 GHz 
#Res BW 30 kHz 


Occupied Bandwidth 


ENSE:INT 
Center Freq: 2.480000000 GHz 
AvglHold> 10/10 


Trig: Free Run 
#Atten: 20 dB 


#VBW 100 kHz 


Total Power 


874.38 kHz 


Transmit Freq Error 
x dB Bandwidth 


-2.743 kHz 
893.9 kHz x dB 


OBW Power 


09:59-06 AM AugO07, 2018 


Radio Std: None 


Radio Device: BTS 


Center Freq 
2.480000000 GHz 


Span 3 MHz 


Sweep 3.2ms CF Step 


300.000 kHz 


8.39 dBm — — 


Freq Offset 
99.00 % 0 Hz 


-20.00 dB 
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TCT 


Pi/4DQPSK Modulation 


Report No.: TCT180731E006 


Lowest channel 


L 


Center Freq 2.402000000 GHz 


#IFGain:Low 


Trig: Free Run 
#Atten: 20 dB 


Ref 10.00 dBm 


UR 


Center 2.402 GHz 


#Res BW 30 kHz #VBW 100 kHz 


Occupied Bandwidth Total Power 


1.1861 MHz 
-1.646 kHz 
1.241 MHz 


Transmit Freq Error 
x dB Bandwidth 


OBW Power 
x dB 


ENSE:INT ALIGN AUT 
Center Freq: 2.402000000 GHz 
Avg|Hold> 10/10 





10:01:08 AM Aug 07, 2018 
Radio Std: None 


Radio Device: BTS 


Center Freq 
2.402000000 GHz 


Span 3 MHz 
Sweep 3.2 ms 


8.43 dBm w 


CF Step 
300.000 kHz 
Man 


Freq Offset 


99.00 % 0 Hz 


-20.00 dB 


Middle channel 


L 


Center Freq 2.441000000 GHz 


#IFGain:L ow 
Ref 10.00 dBm 


| 


Trig: Free Run 
#Atten: 20 dB 


Center 2.441 GHz 


#Res BW 30 kHz #VBW 100 kHz 


Occupied Bandwidth Total Power 


1.1746 MHz 


-1.425 kHz 
1.246 MHz 


Transmit Freq Error 
x dB Bandwidth 


OBW Power 
x dB 


SENSE:INT ALIGN AUT! 
Center Freq: 2.441000000 GHz 
Avg|Hold> 10/10 





10:00:24 AM Aug 07, 2018 
Radio Std: None 


Radio Device: BTS 


Center Freq 
2.441000000 GHz 


Span 3 MHz 
Sweep 3.2 ms 


A 
8.82 dBm — 


CF Step 
300.000 kHz 
Man 


Freq Offset 


99.00 % 0 Hz 


-20.00 dB 


Highest channel 


L 


Center Freq 2.480000000 GHz 


۷۱۲6۵۱۱۰۱ 
Ref 10.00 dBm 


S 


ENSE:INT 
Center Freq: 2.480000000 GHz 
۱ Trig: Free Run 
#Atten: 20 dB 


Center 2.48 GHz 


#Res BW 30 kHz #VBW 100 kHz 


Occupied Bandwidth Total Power 


1.1834 MHz 
422 Hz 
1.243 MHz 


Transmit Freq Error 
x dB Bandvvidth 


OBW Power 
x dB 





09:59:45 AM Aug 07, 2018 


Radio Std: None 


Avg|Hold> 10/10 


Radio Device: BTS 


Center Freq 
2.480000000 GHz 


Span 3 MHz 
Sweep 3.2 ms 


8.90 dBm — 


CF Step 
300.000 kHz 
Man 


Freq Offset 


99.00 % 0 Hz 


-20.00 dB 
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TCT 


8DPSK Modulation 


L 


Center Freq 2.402000000 GHz 


WIFGain:Low 


Ref 10.00 dBm 


Center 2.402 GHz 
#Res BW 30 kHz 


Occupied Bandwidth 


Report No.: TCT180731E006 


Lowest channel 


ENSE:INT ALIGN AUT 10:01:39 AM Aug 07, 2018 
Center Freq: 2.402000000 GHz Radio Std: None 
Trig: Free Run Avg|Hold> 10/10 


#Atten: 20 dB Radio Device: BTS 


Center Freq 
2.402000000 GHz 


Span 3 MHz 


Sweep 3.2ms CF Step 


300.000 kHz 


8.49 dBm — — 


#VBW 100 kHz 


Total Power 


1.1911 MHz 


Transmit Freq Error 
x dB Bandwidth 


L 


Center Freq 2.441000000 GHz 


NIFGain:Low 


Ref 10.00 dBm 


Center 2.441 GHz 
#Res BW 30 KHz 


Occupied Bandwidth 


24.560 kHz 





Freq Offset 


OBW Power 0 Hz 


xdB 


99.00 % 


1.242 MHz -20.00 dB 


Middle channel 


SENSE: INT ALIGN AUT! 10:02:03 AM Aug 07, 2018 
Center Freq: 2.441000000 GHz Radio Std: None 
Trig: Free Run Avg|Hold>10/10 


#Atten: 20 dB Radio Device: BTS 


Center Freq 
2.441000000 GHz 


Span 3 MHz 


Sweep 3.2 ms CF Step 


300.000 kHz 


A M 
8.66 dBm — =. 


#VBW 100 kHz 


Total Power 


1.1578 MHz 


Transmit Freq Error 
x dB Bandwidth 


L 


Center Freq 2.480000000 GHz 


WF Gain:Low 


Ref 10.00 dBm 


Center 2.48 GHz 
#Res BW 30 kHz 


Occupied Bandwidth 


12.837 kHz 





Freq Offset 


OBW Power 0 Hz 


x dB 


99.00 % 


1.244 MHz -20.00 dB 


Highest channel 


2-1 IGN AUT 10:02:36 AM Aug 07, 2018 
Center Freq: 2.480000000 GHz Radio Std: None 
የ Trig: Free Run Avg|Hold> 10/10 


#Atten: 20 dB Radio Device: BTS 


Center Freq 
2.480000000 GHz 


Span 3 MHz 


Svveep 3.2 ms CF Step 


300.000 kHz 


8.61 dBm a — 


#VBW 100 kHz 


Total Power 


1.1561 MHz 


Transmit Freq Error 
x dB Bandwidth 


1.236 MHz 





Freq Offset 


8.019 kHz OBW Power 0 Hz 


x dB 


99,00 % 
-20.00 dB 
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TCT 


Report No.: TCT180731E006 


6.5. Carrier Frequencies Separation 


6.5.1. Test Specification 


Test Requirement: 


Test Method: 


Test Setup: 


Test Mode: 


Test Procedure: 





FCC Part15 C Section 15.247 (a)(1) 


ANSI C63.10:2013 


Frequency hopping systems shall have hopping channel 
carrier frequencies separated by a minimum of 25 kHz or 
the 20 dB bandwidth of the hopping channel, whichever 
is greater. Alternatively, frequency hopping systems 
operating in the 2400-2483.5 MHz band may have 
hopping channel carrier frequencies that are separated 
by 25 kHz or two-thirds of the 20 dB bandwidth of the 
hopping channel, whichever is greater, provided the 
systems operate with an output power no greater than 
125 mW. 


Spectrum Analyzer 
mode 


. The testing follows ANSI C63.10:2013 Measurement 
Guidelines. 

. The RF output of EUT was connected to the spectrum 
analyzer by RF cable and attenuator. The path loss was 
compensated to the results for each measurement. 

. Set to the maximum power setting and enable the EUT 
transmit continuously. 

. Enable the EUT hopping function. 

. Use the following spectrum analyzer settings: 

Span = wide enough to capture the peaks of two adjacent 
channels; RBW is set to approximately 3096 of the channel 
spacing, adjust as necessary to best identify the center of 
each individual channel; VBW2RBW; Sweep = auto; 
Detector function = peak; Trace = max hold. 

. Use the marker-delta function to determine the separation 
between the peaks of the adjacent channels. Record the 
value in report. 


Test Result: PASS 


6.5.2. Test Instruments 


ит Ал ue n 
Spectrum Analyzer Agilent N9020A | MY49100060 - | Sep.27,2018 - | Sep.27,2018 - 2018 


HF Cable 





525525 RFC-01 —— Sep. 27, 2018 


Note: The calibration interval of the above test instruments is 12 months and the calibrations are traceable to 


international system unit (SI). 
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6.5.3. Test data 
GFSK mode 


COD aaa‏ سس 
مس 


Pi/4 DQPSK mode 


Test channel V7::-. Limit (kHz) Result 
Separation (KHz) 


Middle 1000 830.67 PASS 
Highest 1006 830.67 PASS 


8DPSK mode 


Test channel CUM SE Limit (kHz) Result 
Separation (kHz) 


|^ Lowest | 1004 8293 - 33 | PASS — 


Middle 1002 829.33 مه‎ 
Highest 1000 829.33 PASS 


Note: According to section 6.4 





Limit (kHz) 
(Carrier Frequencies 
Separation) 


GFSK 990.4 990.4 
п/4-ОДЈРӘК 1246 830.6/ 
8DPSK 1244 829.33 


Test plots as follows: 


20aB bandwidth (KHz) 
(worse case) 
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GFSK Modulation 
Lowest channel 


NSE:INT 10:13:55 AM 


Center Freq 2.402500000 GHz Avg Type: Log-Pwr E 
PNO: Wide جا‎ Trig: Free Run Avg|Hold: 100/100 "ЫД 
IFGain:Low WAtten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
X 2.402500000 GHz 


Start Freq 
2.401500000 GHz 


Stop Freq 
2.403500000 GHz 


CF Step 
200.000 kHz 


Freq Offset 
0 Hz 


Center 2.402500 GHz Span 2.000 MHz 
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 


Middle channel 


RF 5 . ENSE:INT ALIGN AUT 10:15:23 A 
Center Freq 2.441500000 GHz : Avg Type: Log-Pwr 
PNO: Wide Gp) Trig: Free Run Avg|Hold>400/100 
IFGain:Low #Atten: 20 dB 





Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 


X 2.441500000 GHz 


Start Freq 
2.440500000 GHz 


Stop Freq 
2.442500000 GHz 


CF Step 
200.000 kHz 


Freq Offset 
0Hz 


Center 2.441500 GHz | Span 2.000 MHZ 
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 


i Y sn 
Highest channel 





ALIGN AUT 10:16:36 AM ^ 


Center Freq 2.479500000 GHz | Avg Type: Log-Pwr متس‎ 
PNO: Wide Cp Trig: Free Run Avg|Hold:- 100/100 "Ы 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
X 2.479500000 GHz 


StartFreq 
2.478500000 GHz 


Stop Freq 
2.480500000 GHz 


CF Step 


Freq Offset 
0 Hz 


Center 2.479500 GHz Span 2.000 MHz 
“Res BVV 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 
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Pi/4DQPSK Modulation 
Lowest channel 


RF - NSE:INT ALIGN AUT 
Center Freq 2.402500000 GHz Avg Type: Log-Pwr 
PNO: Wide جا‎ Trig: Free Run Avg|Hold: 100/100 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
x 2.402500000 GHz 


Start Freq 
2.401500000 GHz 


Stop Freq 
2.403500000 GHz 


CF Step 
200.000 kHz 


Freq Offset 
0 Hz 


Center 2.402500 GHz Span 2.000 MHz 
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 


Middle channel 


RF 5 : ENSE:INT ALIGN AUT! 10:19:08 A 
Center Freq 2.441500000 GHz | Avg Type: Log-Pwr 
PNO: Wide Gp) Trig: Free Run Avg|Hold>400/100 
IFGain:Low #Atten: 20 dB 





Ref Offset 05 dB 
Ref 10.00 dBm 


Center Freq 


x 2.441500000 GHz 


Start Freq 
2.440500000 GHz 


Stop Freq 
2.442500000 GHz 


CF Step 
200.000 kHz 


Freq Offset 
0Hz 


Center 2.441500 GHz | Span 2.000 MHZ 
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 


CR يي‎ 
Highest channel 





Center Freq 2.479500000 GHz | Avg Type: Log-Pvir 
PNO: Wide Cy Trig: Free Run Avg|Hold:- 100/100 
IFGain:Low #Atten: 20 dB 


Ref Offset0.5 dB 
Ref 10.00 dBm 


Center Freq 
X 2.479500000 GHz 


Start Freq 
2.478500000 GHz 


Stop Freq 
2.480500000 GHz 


CF Step 


Freq Offset 
0 Hz 


Center 2.479500 GHz Span 2.000 MHz 
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 
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8DPSK Modulation 
Lowest channel 


RF - E:INT ALIGN AUT 
Center Freq 2.402500000 GHz Avg Type: Log-Pwr 
PNO: Wide Cp Trig: Free Run Avg|Hold> 100/100 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
X 2.402500000 GHz 


Start Freq 
2.401500000 GHz 


Stop Freq 
2.403500000 GHz 


CF Step 
200.000 kHz 


Freq Offset 
0 Hz 


Center 2.402500 GHz Span 2.000 MHz 
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 


Middle channel 





IGA 
IGN 


Center Freq 2.441500000 GHz 1 Avg Type: Log-Pwr 
PNO: Wide Gp) Trig: Free Run Avg|Hold>400/100 
IFGain:Low #Atten: 20 dB 


Ref Offset 05 dB 
Ref 10.00 dBm 


Center Freq 


አ 2.441500000 GHz 


StartFreq 
2.440500000 GHz 


Stop Freq 
2.442500000 GHz 


CF Step 
200.000 kHz 


Freq Offset 
0Hz 


Center 2.441500 GHz | Span 2.000 MHZ 
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 


CR يي‎ 
Highest channel 





"EZ 
ALIGN £ 


Center Freq 2.479500000 GHz | Avg Type: Log-Pvir 
PNO: Wide Cy Trig: Free Run Avg|Hold:- 100/100 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
Х 2.479500000 GHz 


StartFreq 
2.478500000 GHz 


Stop Freq 
2.480500000 GHz 


CF Step 


Freq Offset 
0 Hz 


Center 2.479500 GHz Span 2.000 MHz 
#Res BW 100 kHz #VBW 300 kHz Sweep 1.000 ms (1001 pts) 
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6.6. Hopping Channel Number 


6.6.1. Test Specification 


Test Requirement: FCC Part15 C Section 15.247 (a)(1) 
Test Method: ANSI C63.10:2013 


Frequency hopping systems in the 2400-2483.5 MHz 
band shall use at least 15 channels. 
Test Setup: == 


Spectrum Analyzer 





. The testing follows ANSI C63.10:2013 Measurement 
Guidelines. 
. The HF output of EUT was connected to the 


spectrum analyzer by RF cable and attenuator. The 
path loss was compensated to the results for each 
measurement. 

. Set to the maximum power setting and enable the 
EUT transmit continuously. 

Test Procedure: . Enable the EUT hopping function. 

. Use the following spectrum analyzer settings: Span = 
the frequency band of operation; set the RBW to less 
than 30% of the channel spacing or the 20 dB 
bandwidth, whichever is smaller; VBW2RBW; Sweep 
- auto; Detector function 2 peak; Trace 2 max hold. 

. The number of hopping frequency used Is defined as 
the number of total channel. 

Record the measurement data in report. 


Test Result: 





6.6.2. Test Instruments 


— Equipment | Manufacturer | Model _| Serial Number | Calibration Due 

Spectrum Analyzer Agilent N9020A MY49100060 | Sep. 27, 2018 
RF Cable 

Antenna Connector] TCT RFC-01 sep. 27, 2018 


Note: The calibration interval of the above test instruments is 12 months and the calibrations are traceable to 





international system unit (SI). 
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6.6.3. Test data 


= 





GFSK, Pi/4DQPSK, 8DPSK | GFSK, Pi/4DQPSK, 8DPSK | BDPSK| 79 PASS 


Test plots as follows: 
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Report No.: TCT180731E006 


Start Freq Avg Type: Log-Pwr 
PNO: Fast لجا‎ Trig: Free Run Avg|Hold: 100/100 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441750000 GHz 


StartFreq 
2.400000000 GHz 


Stop Freq 
2.483500000 GHz 


Freq Offset 
0 Hz 


Start 2.40000 GHz Stop 2.48350 GHz 
#Res BW 100 kHz #VBW 300 kHz Sweep 8.000 ms (1001 pts) 


Pi/ADQPSK 


RF 5 ğ ENSE:INT ALIGN AUT 
Start Freq 2.400000000 GHz : Avg Type: Log-Pwr 
PNO: Fast G) Trig: Free Run Avg|Hold> 100/100 
IFGain:Low #Atten: 20 dB 





Ref Offset0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441750000 GHz 


Start Freq 
2.400000000 GHz 


Stop Freq 
2.483500000 GHz 


CF Step 
8.350000 MHz 
Man 


Freq Offset 
0 Hz 


Start 2.40000 GHZ በክ | Stop 2.48350 GHz 
Res BW 100 kHz #VBW 300 kHz Sweep 8.000 ms (1001 pts) 


Start Freq ۱ Avg Type: Log-Pwr 
PNO: Fast Gp Trig: Free Run Avg|Hold:- 100/100 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 


2.441750000 GHz 


StartFreq 
2.400000000 GHz 


Stop Freq 
2.483500000 GHz 


CF Step 


Freq Offset 
0 Hz 


Start 2.40000 GHz Stop 2.48350 GHz 
Res BW 100 kHz #VBW 300 kHz Sweep 8.000 ms (1001 pts) 
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6.7. Dwell Time 
6.7.1. Test Specification 


Test Requirement: FCC Part15 C Section 15.247 (a)(1) 


Test Method: ANSI C63.10:2013 


The average time of occupancy on any channel shall not 
be greater than 0.4 seconds within a period of 0.4 
seconds multiplied by the number of hopping channels 
employed. 





Test Setup: 


Test Mode: Hopping mode 


1. The testing follows ANSI C63.10:2013 Measurement 
Guidelines. 
. The HF output of EUT was connected to the 
spectrum analyzer by RF cable and attenuator. The 


path loss was compensated to the results for each 
measurement. 

. Set to the maximum power setting and enable the 
EUT transmit continuously. 

. Enable the EUT hopping function. 

. Use the following spectrum analyzer settings: Span = 
zero span, centered on a hopping channel; RBW 
shall be < channel spacing and where possible 
RBW should be set >> 1/T, where T is the expected 
dwell time per channel; VBW2RBW; Sweep = as 
necessary to capture the entire dwell time per 
hopping channel; Detector function = peak; Trace = 
max hold. 

Measure and record the results in the test report. 


Test Procedure: 


Test Result: 





6.7.2. Test Instruments 


, Equipment | Manufacturer | Model | Serial Number | Calibration Due 

Spectrum Analyzer Agilent N9020A MY49100060 Sep. 27, 2018 
RF Cable 

Antenna Connector] TCT АРС-01 Sep. 27, 2018 


Note: The calibration interval of the above test instruments is 12 months and the calibrations are traceable to 





international system unit (SI). 
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6.7.3. Test Data 


Hops Over Package Dwell Limit 

Mode |Packet | Occupancy Transfer time (second) Result 
reps Ger > Time ከ Poist | a4 

| GFSK. LDH 041 ٢ 0151. | PASS | 


E 

DQPSK 777 GL Š 757 77 ЫБ. 
Р//4 

Op 203 160 1728 | 0226 ыы 


Note: 1. In normal mode, hopping rate is 1600 hops/s with 6 slots in 79 hopping channels. 
For DH1, With channel hopping rate (1600 / 2 / 79) in Occupancy Time Limit (0.4 x 79) (s), Hops Over 
Occupancy Time comes to (1600 / 2 / 79) x (0.4 x 79) = 320 hops 
For DH3, With channel hopping rate (1600 / 6 / 79) in Occupancy Time Limit (0.4 x 79) (s), Hops Over 
Occupancy Time comes to (1600 / 4 / 79) x (0.4 x 79) = 160 hops 
For DH5, With channel hopping rate (1600 / 6 / 79) in Occupancy Time Limit (0.4 x 79) (s), Hops Over 
Occupancy Time comes to (1600 / 6 / 79) x (0.4 x 79) 2 106.67 hops 





2. Dwell Time(s) = Hops Over Occupancy Time (hops) x Package Transfer Time 


Test plots as follows: 
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NSE:IN 10:29:58 AM Aug 07, 2018 


Center Freq 2.441000000 GHz Avg Type: Log-Pwr TRACE 


PNO:Fast —— rig: Free Run 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441000000 GHz 


Start Freq 
2.441000000 GHz 


Stop Freq 
2.441000000 GHz 


CF Step 
1.000000 MHz 


Freq Offset 
0 Hz 


Center 2.441000000 GHz | ۱ Span 0 Hz 
Res BW 1.0 MHz SVBW 1.0 MHz Sweep 1.000 ms (1001 pts) 


ISE:INT 


Center Freq 2.441000000 GHz 


PNO:Fast —— rig: Free Run 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441000000 GHz 


StartFreq 
2.441000000 GHz 


Stop Freq 
2.441000000 GHz 


CF Step 
1.000000 MHz 


Freq Offset 
0Hz 


Center 2.441000000 GHz | l ۱ Span 0 Hz 
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 3.000 ms (1001 pts) 


NSE:INT ALIGN AUT: 
Avg Type: Log-Pwr 


Center Freq 2.441000000 GHz 


PNO:Fast —— Irig: Free Run 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441000000 GHz 


StartFreq 
2.441000000 GHz 


Stop Freq 
2.441000000 GHz 


CF Step 
1.000000 MHz 
Auto Man 


| 


Freq Offset 
0 Hz 


Center 2.441000000 GHz Span 0 Hz 
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 4.000 ms (1001 pts) 


irs .: .: .: .: .: ፡.- .: | TATUS 
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Pi/4DQPSK 
2-DH1 


NSE: INT 10:33:50 AM Aug 07, 2018 


Center Freq 2.441000000 GHz Avg Type: Log-Pwr TRACE 


PNO:Fast —— rig: Free Run 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441000000 GHz 


Start Freq 
2.441000000 GHz 


Stop Freq 
2.441000000 GHz 


CF Step 
1.000000 MHz 


Freq Offset 
0 Hz 


Center 2.441000000 GHz | ۱ Span 0 Hz 
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 1.000 ms (1001 pts) 


ISE:INT 


Center Freq 2.441000000 GHz 


PNO:Fast —— rig: Free Run 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 


2.441000000 GHz 


StartFreq 
2.441000000 GHz 


Stop Freq 
2.441000000 GHz 


CF Step 
1.000000 MHz 


Freq Offset 
0 Hz 


Center 2.441000000 GHz | ۱ Span 0 Hz 
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 3.000 ms (1001 pts) 


NSE:INT 


Center Freq 2.441000000 GHz 


PNO:Fast —— Irig: Free Run 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 
Center Freq 
2.441000000 GHz 


StartFreq 
2.441000000 GHz 


Stop Freq 
2.441000000 GHz 


CF Step 
1.000000 MHz 
Auto Man 


| 


Freq Offset 
0 Hz 


Center 2.441000000 GHz Span 0 Hz 
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 4.000 ms (1001 pts) 


irs .: .: .: .: .: ፡.- .: | TATUS 
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NSE:IN 10:37:26 AM Aug 07, 2018 


Center Freq 2.441000000 GHz Avg Type: Log-Pwr TRACE 


PNO:Fast —— rig: Free Run 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441000000 GHz 


Start Freq 
2.441000000 GHz 


Stop Freq 
2.441000000 GHz 


CF Step 
1.000000 MHz 


Freq Offset 
0 Hz 


Center 2.441000000 GHz | ۱ Span 0 Hz 
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 1.000 ms (1001 pts) 


ISE:INT 


Center Freq 2.441000000 GHz 


PNO:Fast —— rig: Free Run 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 


2.441000000 GHz 


StartFreq 
2.441000000 GHz 


Stop Freq 
2.441000000 GHz 


CF Step 
1.000000 MHz 


Freq Offset 
0Hz 


Center 2.441000000 GHz | ۱ Span 0 Hz 
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 3.000 ms (1001 pts) 


NSE:INT 


Center Freq 2.441000000 GHz 


PNO: Fast —ə— (Fig: Free Run 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
2.441000000 GHz 


StartFreq 
2.441000000 GHz 


Stop Freq 
2.441000000 GHz 


CF Step 
1.000000 MHz 
Auto Man 


| 


Freq Offset 
0 Hz 


Center 2.441000000 GHz Span 0 Hz 
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 4.000 ms (1001 pts) 


irs .: .: .: .: .: ፡.- .: | TATUS 
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6.8. Pseudorandom Frequency Hopping Sequence 


Test Requirement: FCC Part15 C Section 15.247 (a)(1) requirement: 


Frequency hopping systems shall have hopping channel carrier frequencies separated 
by a minimum of 25 kHz or the 20 dB bandwidth of the hopping channel, whichever is 
greater. 

Alternatively. Frequency hopping systems operating in the 2400-2483.5 MHz band 
may have hopping channel carrier frequencies that are separated by 25 kHz or 
two-thirds of the 20 dB bandwidth of the hopping channel, whichever is greater, 


provided the systems operate with an output power no greater than 125 mW. The 
system shall hop to channel frequencies that are selected at the system hopping rate 
from a Pseudorandom ordered list of hopping frequencies. Each frequency must be 
used equally on the average by each transmitter. The system receivers shall have 
input bandwidths that match the hopping channel bandwidths of their corresponding 
transmitters and shall shift frequencies in synchronization with the transmitted signals. 





EUT Pseudorandom Frequency Hopping Sequence 


The pseudorandom sequence may be generated in a nine-stage shift register whose 
5th and 9th stage outputs are added in a modulo-two addition stage. And the result is 
fed back to the input of the first stage. The sequence begins with the first one of 9 
consecutive ones; i.e. the shift register is initialized with nine ones. 

e Number of shift register stages: 9 

- Length of pseudo-random sequence: 2? -1 = 511 bits 

* Longest sequence of zeros: 8 (non-inverted signal) 


linear Feedback Shift Register for Generation of the PRBS sequence 


An example of Pseudorandom Frequency Hopping Sequence as follow: 
73 75 77 


Each frequency used equally on the average by each transmitter. 

The system receivers have input bandwidths that match the hopping channel 
bandwidths of their corresponding transmitters and shift frequencies in 
synchronization with the transmitted signals. 
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Report No.: TCT180731E006 


6.9. Conducted Band Edge Measurement 


6.9.1. Test Specification 


Test Requirement: 


Test Method: 


Test Setup: 


Test Mode: 


Test Procedure: 


Test Result: 


6.9.2. Test Instruments 





FCC Part15 C Section 15.247 (d) 


ANSI C63.10:2013 


In any 100 kHz bandwidth outside the intentional 
radiation frequency band, the radio frequency power 
shall be at least 20 dB below the highest level of the 
radiated power. In addition, radiated emissions which fall 
in the restricted bands must also comply with the 
radiated emission limits. 


r= — 





Spectrum Analyzer 
Transmitting mode with modulation 
. The testing follows the guidelines in Band-edge 


Compliance of RF Conducted Emissions of ANSI 
C63.10:2013 Measurement Guidelines. 

. Set to the maximum power setting and enable the 
EUT transmit continuously. 

. oet RBW = 100 kHz (21% span=10MHz), VBW = 300 
kHz (RBW). Band edge emissions must be at least 
20 dB down from the highest emission level within 
the authorized band as measured with a 100kHz 
HBW. The attenuation shall be 30 dB instead of 20 
dB when RMS conducted output power procedure is 
used. 

. Enable hopping function of the EUT and then repeat 
PP 2 and 3. 

Measure and record the results in the test report. 


ән Serial Number | Calibration Due 
| Spectrum Analyzer Analyzer Agilent N9020A | MY49100060 | Sep. 27, 2018 


RF Cable 


swan er اک‎ 


| RFC-01 01 Cl CX Sep. 27, 2018 





ıı The calibration S r of the above test instruments is 12 months and the calibrations are traceable to 


international system unit (SI). 
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6.9.3. Test Data 


GFSK Modulation 


Test channel: 


Report No.: TCT180731E006 


Lowest channel 


L 


Start Freq 2.310000000 GHz 
PNO: Fast 
IFGain:Low 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Start 2.31000 GHz 
#Res BW 100 kHz 


"MKA MODE TAC 


2,401 932 GHz 
2.400 000 GHz 
2.376 176 GHz 
2.388 584 GHz 


501. 
f 
2 
የ| 
የ| 


= فا نت‎ 0 ۳4 6 ሂክ % ርህ ኮን 
zzzz 


-“ሕ ጩኤ 


L 


Start Freq 2.478000000 GHz 
PNO: Fast 
IFGain:Low 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Start 2.47800 GHz 
#Res BW 100 kHz 


; Trig: Free Run 
> 


#VBW 300 kHz 


; Trig: Free Run 
K 


#VBW 300 kHz 


Avg Type: Log-Pwr 
Avg|Hold> 100/100 
#Atten: 20 dB 


Y E FUNCTION 
0,259 dBm | 
-34.343 dBm | 
36.886 081 
-37.692 dBm! 


Avg Type: Log-Pwr 
Ava|Hold-» 100/100 
#Atten: 20 dB 


Sweep 9.000 ms (1001 pts) 


FUNCTION WIDTH 


Sweep 2.133 ms (1001 pts) 


10:44:00 4M &u307, 2018 
TRACE 


Center Freq 
2.357000000 GHz 


Start Freq 
2.310000000 GHz 


Stop Freq 
2.404000000 GHz 


| 
Stop 2.40400 GHz CF Step 
9.400000 MHz 


FUNCTION VALDE — Man 
Freq Offset 
0 Hz 


11:29:19 AM AuQ07, 2018 


TRACE 
TYPE 
DET 


Auto Tune 


Center Freq 
2.489000000 GHz 


Start Freq 
2.478000000 GHz 


Stop Freq 
2.500000000 GHz 


| 


Stop 2.50000 GHz CF Step 


2 200000 MHz 





MKA MODE TAC X 
| 2.479 892 GHz 
2.483 500 GHz 
2.486 646 GHz 


SCL 
“ 
۲ 
الله‎ 
ma 2.493 158 GHz 


= (О t0 0 - 0) O 5 دم نف‎ 
ә222 


መሕ ሬሕ 


Y FUNCTIDN 
0.621 dBm, 
44.824 dBm 
39.063 dBm _ 
36,909 0810 


| 
t 
t 
+ 


FUNCTION WIDTH 


Auto Man 


FUNCTION VALUE | 


Freq Offset 
0 Hz 


No-hopping mode 


L 


Start Freq 2.310000000 GHz 
PNO: Fast 


> 
IFGain:Low 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Start 2.31000 GHz 
#Res BW 100 kHz 


#VBW 300 kHz 


Avg Type: Log-Pwr 


; Trig: Free Run 
#Atten: 20 dB 


Avg|Hold> 100/100 


Sweep 9.000 ms (1001 pts) 


11:15:08A 


Center Freq 
2.357000000 GHz 


StartFreq 
2.310000000 GHz 


Stop Freq 
2.404000000 GHz 


| 


Stop 2.40400 GHz CF Step 


9.400000 MHz 





[MKR MODE TRE : X 
2,403 812 GHz 
2.400 000 GHz 
2.374 860 GHz 


SCL 
ብ 
“ 
الله‎ 
“| 2.353 804 GHz 


= О 0 00 7-4 О) 0” L. Q ኮን 


= =à 


Highest channel 


E ዞ 


Start Freq 2.478000000 GHz 
PNO: Fast 
IFGain:Low 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Start 2.47800 GHz 
#Res BW 100 kHz 


#VBW 300 kHz 


Y FUNCTION. 
0.242 dBm. 
-37.TT4 düm, 
-35.307 dBm | 
-34.850 düm, 


Hopping mode 


Avg Type: Log-Pwr 


; Trig: Free Run 
#Atten: 20 dB 


Avgl|Hold> 100/100 


FUNCTION WIDTH 


Sweep 2.133 ms (1001 pts) 


FUNCTION VALUE - Man 
Freq Offset 
0 Hz 


11:27:44 AM AuQ07 


Auto Tune 


Center Freq 
2.489000000 GHz 


Start Freq 
2.478000000 GHz 


Stop Freq 
2.500000000 GHz 


| 


Stop 2.50000 GHz CF Step 


2 200000 MHz 





MKR MODE TRC 
| 
2.483 500 GHz 
2.496 162 GHz 


2.4T9 826 3 
2.493 158 GHz 


2222 


1 


201. 
۲ 
“ 
f| 
የ| 


- Qt 0 - 0 0 AON 


መሕ هت‎ 


Y FUNCTIDN 
0.300 dBm, 
37.938 dBm | 
-37.562 dBm! 
-37.984 dBm! 


Hopping mode 


FUNCTION WIDTH 


Auto Man 


FUNCTION VALUE | 


Freq Offset 
0 Hz 
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Pi/4DQPSK Modulation 


Test channel: 


L : Ç 
Start Freq 2.340000000 GHz 


PNO: Fast G 


IFGain:Low 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Start 2.31000 GHz 
#Res BW 100 kHz 


#VBW 300 kHz 


Avg Type: Log-Pwr 
Trig: Free Run Ava|Hold-» 100/100 


#Atten: 20 dB 


Sweep 9.000 ms (1001 pts) 


Auto Tune 


Center Freq 
2.357000000 GHz 


Start Freq 
2.310000000 GHz 


Stop Freq 
2.404000000 GHz 


Stop 2.40400 GHz CF Step 


9.400000 MHz 





MKR MODE TRC S x 
2.402 778 GHz 
2.400 000 GHz 
2.373 826 GHz 


2 
3 
4 
5 
6 
2 
8 
9 
10 
11 


Start Freq 2.478000000 GHz 
PNO: Fast 
IFGain:Low 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Start 2.47800 GHz 
#Res BW 100 kHz 


; Trig: Free Run 


#VBW 300 kHz 


Y FUNCTION FUNCT 
0,395 dBm; 


-36.117 dBm | 
E dBm 


Avg Type: Log-Pwr 
Avgl|Hold> 100/100 
#Atten: 20 dB 


ON WIDTH 


Sweep 2.133 ms (1001 pts) 


Auto Man 


FUNCTION VALUE | 


Freq Offset 
0 Hz 


Auto Tune 


Center Freq 
2.489000000 GHz 


Start Freq 
2.478000000 GHz 


Stop Freq 
2.500000000 GHz 


| 


Stop 2.50000 GHz CF Step 


2 200000 MHz 





MEA MODE TAC SCL X 
2479 892 GHz 
2.483 500 GHz 
2.486 382 GHz 


دم نب طظ O1 0---0O00‏ - 


መሕ ہے‎ 


Y FUNCTION 
0.575 dBm! 


41.154 dBm 
-35.946 dBm | 


dBm 


FUNCTION WIDTH 


Auto Man 


FUNCTION VALUE A w 


Freq Offset 
0Hz 


No-hopping mode 


Lowest channel 


L : 50 ¢ 
Start Freq 2.310000000 GHz 
PNO: Fast 
IFGain:Low 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Start 2.31000 GHz 
#Res BW 100 kHz 


; Trig: Free Run 


#VBW 300 kHz 


Report No.: TCT180731E006 


Avg Type: Log-Pwr 
Ava|Hold-» 100/100 
#Atten: 20 dB 


Sweep 9.000 ms (1001 pts) 


Auto Tune 


Center Freq 
2.357000000 GHz 


Start Freq 
2.310000000 GHz 


Stop Freq 
2.404000000 GHz 


| 


Stop 2.40400 GHz CF Step 


9.400000 MHz 





Mk R MODE TRE S x 

2,401 932 GHz 
2.400 000 GHz 
2.389 490 GHz 


= ርጋ فا‎ 00 ۳4 6 0 ጭ ርዕ ኮን 


መሕ هت‎ 


1 


Start Freq 2.478000000 GHz 
PNO: Fast 
IFGain:Low 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Start 2.47800 GHz 
#Res BW 100 kHz 


; Trig: Free Run 


#VBW 300 kHz 


Y FUNCTION FUNCT 
0.552 0800 


-35.093 dBm | 
227. 815 dBm 


Avg Type: LogPwr 
Avg|Hold> 100/100 
#Atten: 20 dB 


ON WIDTH 


Sweep 2.133 ms (1001 pts) 


Auto Man 


FUNCTION VALUE | 


Freq Offset 
0 Hz 


11:26:44 AM ^u307, 2018 
TRACE 


Auto Tune 


Center Freq 
2.489000000 GHz 


Start Freq 
2.478000000 GHz 


Stop Freq 
2.500000000 GHz 


Stop 2.50000 GHz CF Step 


2.200000 MHz 





[MKR MODE TAC SCL 7 

| EATA 2.479 892 GHz 

EEG, 2.483 500 GHz 

2.486 184 GHz 
493 180 


- QU 0 - 0) 0 L, Q دم‎ 


መሕ መሕ 


Y FUNCTION 
0.460 dBm! 


40,022 0810| 
37.714 sem 


Hopping mode 


FUNCTION WIDTH 


FUNCTION VALUE - Man 


Freq Offset 
0 Hz 
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8DPSK Modulation 


Test channel: Lowest channel 


11:21 


Start Freq 2.310000000 GHz : Avg Type: Log-Pwr Ад 3 4 5 6 Start Freq 2.310000000 GHz ۱ Avg Type: Log-Pwr 
PNO: Fast (, Trig: Free Run Avg|Hold- 100/100 T: PNO: Fast نيا‎ ١ 6 Avg|Hold-» 100/100 
IFGain:Low #Atten: 20 dB IFGain:Low RAtten: 20 dB 
Auto Tune Auto Tune 
Ref Offset 0.5 dB Ref Offset 0.5 dB 
Ref 10.00 dBm Ref 10.00 dBm 


Center Freq Center Freq 
2.357000000 GHz 2.357000000 GHz 


StartFreq V \ Start Freq 
2.310000000 GHz 2.310000000 GHz 


Stop Freq Stop Freq 
2.404000000 GHz 2.404000000 GHz 


| | 


Start 2.31000 GHz Stop 2.40400 GHz CF Step Start 2.31000 GHz Stop 2.40400 GHz CF Step 
#Res BW 100 kHz #VBW 300 kHz Sweep 9.000 ms (1001 pts) 9.400000 MHz #Res BW 100 kHz #VBW 300 kHz Sweep 9.000 ms (1001 pts) 9.400000 MHz 
[MKA MODE TAC SOL X Y FUNCTIDN FUNCTION WIDTH FUNCTION VALUE Auto Men MER MODE TAC SCL Auto Man 
| [f] 2.401 838 GHz 0.370 dBm, | 
85: 2.400 000 GHz -35.905 dBm | | 
Ы 2.388 490 GHz -37.621 dBm | Freq Offset 
i 3349 T6 EE | 0Hz 








1 Y FUNCTION FUNCTION WIDTH FUNCTION VALUE 
2,401 838 GHz 0,307 dBm; | 
2.400 000 GHz -38.850 dBm | | | 
2.374 860 GHz 35.151 dBm | Freq Offset 


0Hz 


دم نف طظ 0۱ 0 - 0 QD‏ - 


መሕ ጩጨ 
= ርጋ ሂሪ) (ሺ) “4 (2) ሂክ ቴ GN 


= ጩጨ 


E 1 50 f EN N ALIGN 1:24:48 A L f | ISE: IN ALIGN £ 
Start Freq 2.478000000 GHz T Avg Type: Log-Pwr = 3456 Start Freq 2.478000000 GHz | Avg Type: Log-Pwr 
PNO: Fast ©,” Trig:Free Run Avg|Hold-» 100/100 n PNO: Fast (p) Trig:Free Run Avg|Hold-» 100/100 
IFGain:Low #Atten: 20 dB ° IFGain:Low #Atten: 20 dB 5 
Auto Tune Auto Tune 
Ref Offset 0.5 dB Ref Offset 0.5 dB 
Ref 10.00 dBm ۱ Ref 10.00 dBm 


Center Freq Center Freq 
2.489000000 GHz | 2.489000000 GHz 


StartFreq 1 1. ۱ StartFreq 
2.478000000 GHz : 2.478000000 GHz 


Stop Freq Stop Freq 
2.500000000 GHz 2.500000000 GHz 


| | 


Start 2.47800 GHz Stop 2.50000 GHz CF Step Start 2.47800 GHz Stop 2.50000 GHz CF Step 
#Res BW 100 kHz #VBW 300 kHz Sweep 2.133 ms (1001 pts) 2 200000 MHz #Res BW 100 kHz #VBW 300 kHz Sweep 2.133 ms (1001 pts) 2 200000 MHz 


"ል Man P A Man 
۷ FUNCTION FUNCTION WIDTH FUNCTION VALUE - MKR MODE TRC SCL FUNCTION FUNCTION WIDTH FUNCTION VALUE - 


2,479 892 GHz 0.602 dBm. | EAFA 2,479 826 GHz 0,308 dBm; 
2.483 500 GHz 41.979 dBm | | 1٢۶ 2.483 500 GHz > 500 ፀ8ጠ | | 
2486866 GHz|  -35010dBm| zi Freq Offset 2.488 164 GHz -37 807 dBm | Freq Offset 
— 2493 180 — 37380 dBm 1 0 Hz 4 5 2.491 904 44.225 0 0 Hz 








MKR MODE TRC SCL 


فے ف 
Qt 0 - 0) 0 L, Q ۵‏ - 





No-hopping mode Hopping mode 
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6.10. Conducted Spurious Emission Measurement 


6.10.1. Test Specification 


Test Requirement: FCC Part15 C Section 15.247 (d) 
Test Method: ANSI C63.10:2013 


In any 100 kHz bandwidth outside the intentional 
radiation frequency band, the radio frequency power 
shall be at least 20 dB below the highest level of the 
radiated power. In addition, radiated emissions which fall 
in the restricted bands must also comply with the 
radiated emission limits. 


Test Setup: 


Test Mode: Transmitting mode with modulation 


1. The testing follows the guidelines in Spurious RF 
Conducted Emissions of ANSI C63.10:2013 
Measurement Guidelines 

. The RF output of EUT was connected to the 
Spectrum analyzer by RF cable and attenuator. The 
path loss was compensated to the results for each 
measurement. 

. Set to the maximum power setting and enable the 

Test Procedure: EUT transmit continuously. 

. Set RBW = 100 kHz, VBW - 300kHz, scan up 
through 10th harmonic. All harmonics / sours must be 
at least 20 dB down from the highest emission level 
within the authorized band as measured with a 100 
kHz RBW. 

. Measure and record the results in the test report. 

. The RF fundamental frequency should be excluded 
against the limit line in the operating frequency band. 


Test Result: 





6.10.2. Test Instruments 


| Equipment | Manufacturer | Model | Serial Number | Calibration Due 

Spectrum Analyzer Agilent N9020A MY49100060 Sep. 27, 2018 
HF Cable 

Antenna Connector) TCT АРС-01 Јер. 27, 2018 


Note: The calibration interval of the above test instruments is 12 months and the calibrations are traceable to 





international system unit (SI). 
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6.10.3. Test Data 
GFSK mode Lowest Channel 


Agilent Spectrum iz Swept SA 
L SENSE: INT ALIGN AUT! 11:33:05 AM Aug 07, 2018 


Start Freq 30.000000 MHz Avg Type: Log-Pwr AC Гу 
PNO: Fast í Trig: Free Run Avg|Hold: 12/100 7 


lFGain:ow 8:20 8 
Auto Tune 
Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
12.515000000 GHz 


Start Freq 
30.000000 MHz 


Stop Freq 
25.000000000 GHz 


Start 30 MHz Stop 25.00 GHz CF Step 
#Res BW 100 kHz #VBW 300 kHz Sweep 2.386 s (1001 0) 2.497000000 GHz 


MER = TRC a FUNCTİON FUNCTION WIDTH FUNCTION VALUE = Auto Mn 
2.402 GHz 4. 748 düm 


4. iə iz 31 420 dBm 
mn 9.618 


z Freq Offset 
— — 0Hz 


ډم ني ط 0۷ 60 بل هت فا ته خ 


መሕ ጨሕ 


» 


Agilent Spectrum Analyzer - Swept SA 
L RF 50 5 ልር SENSE: IN ALIGN AUTO 11:32:04 AM Aug 07, 2018 


Start Freq 30.000000 MHz Avg Type: Log-Pwr TRACE 8 Frequency 
PNO: Fast QO Trig: Free Run Avg|Hold: 14/100 Mai” 
: K 


IFGain:Low #Atten: 20 dB сети 
Auto Tune 
Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
12.515000000 GHz 


StartFreq 
30.000000 MHz 


Stop Freq 
25.000000000 GHz 


Start 30 MHz Stop 25.00 GHz CF Step 
#Res BW 100 kHz #VBW 300 kHz 5۷/660 2.386 LL) 2.497000000 GHz 


MKR MODE TRC SCL FUNCTION FUNCTION WIDTH FUNCTION VALUE — ^ Auto Man 


 1N 88 8ه کا 8 کا‎ 2.452 GHz 0. 616 dBm 
2 4.874 GHz| 31.520 dBm 
Freq Offset 


иси 46873dBm| | 1 0Hz 


= 00000-40) 01 


ሙል ሬል 


5 


» 


Agilent Spectrum Analyzer - Swept SA 
L RF 502 Ac SENSE:IN ALIGN AUTC 11:30:51 AM Aug 07, 2018 


Start Freq 30.000000 MHz Avg Type: Log-Pwr TRACE Frequency 
PNO: Fast ليا‎ Trig. Free Run Avg|Hold: 20/100 


IFGain:Low #Atten: 20 dB 
Auto Tune 
Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
12.515000000 GHz 


StartFreq 
30.000000 MHz 


Stop Freq 
25.000000000 GHz 


Start 30 MHz Stop 25.00 GHz CF Step 
sRes BW 100 kHz #VBW 300 kHz زد‎ 2.386 ICD 2497000000 GHz 


MKR MODE TRC SCL FUNCTION FUNCTION WIDTH FUNCTION VALUE ^ Auto Man 


İN 1İfİ 7 479 892 GHz 0. 190 dBm 
2 8 4.949 GHz 31.771 dBm 
7.446 57, 090 8 Freq Offset 


= ء‎ B 1 


ab ob 
ته د‎ (O @ -4 0( O ط‎ (ә 


ES 
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Pi/4DQPSK mode Lowest Channel 


Agilent Spectrum ee س‎ 
L SENSE: IN ALIGN AUTC 11:34:14 AM Aug 07, 2 


Start Freq 30.000000 MHz Avg Type: Log-Pwr - 7 
PNO: Fast Cy Trig: Free Run Avg|Hold: 9/100 ki” 


IFGain:Low #Atten: 20 dB 


Auto Tune 
Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
12.515000000 GHz 


StartFreq 
30.000000 MHz 


Stop Freq 
25.000000000 GHz 


Start 30 MHz Stop 25.00 GHz CF Step 
#Res BW 100 kHz #VBW 300 kHz Tat Melt) | 247000000 GHz 


MKR MO m TRC SCL FUNCTION FUNCTION WIDTH FUNCTION VALUE ^ Auto Man 
፳፪ 2.402 GHz C} 380 dBm | 

2 N İT) 4. T99 GHz 31.872 dBm 
اقا‎ . :111|ዮየ1 11 1% 642 dBm Freq Offset 
] ت ت‎ maaa 0Hz 


لب حد الل (0 4- 00 6 00 خد 


መሕ ጨሕ 


ኢረ. Spectrum ын ыы ኣል 
ALIGN AUTC 11:35:10 AM Aug 07, 2018 


om Freq 30.000000 MHz Avg Type: Log-Pwr TRACE توا شلال‎ 
PNO: Fast K Trig: Free Run Avg|Hold: 12/100 TYPE 


IFGain:Low #Atten: 20 dB DET 


Auto Tune 
Ref Offset 0.6 dB 
Ref 10.00 dBm 


Center Freq 
12.515000000 GHz 


Start Freq 
30.000000 MHz 


Stop Freq 
25.000000000 GHz 


Start 30 MHz Stop 25.00 GHz CF Step 
#Res BW 100 kHz #VBW 300 kHz Sweep 2.386 >< (1001 pis] 2.497000000 GHZ 


MKR MODE TRC SCL FUNCTION FUNCTION WIDTH FUNCTION VALUE — ^ Auto Man 


ማሸ ۳2 سم سمه‎ pra 
7.321 GH 770 8 Freq Offset 
| 9768GHz 4 -46412dBm| 1 0 Hz 


ډم ني ط 0۷ 60 بل نت فا ت خد 


መሕ غا‎ 


^ 


» 


s Spectrum ə —...x. ኣል 
ALIGN AUTC 11:36:56 AM Aug 07, 2018 


Start Freq 30.000000 MHz Avg Type: Log-Pwr AC را ای‎ 
PNO: Fast ليا‎ Trig: Free Run Avg|Hold: 26/100 


IFGain:Low #Atten: 20 dB 


Auto Tune 
Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
12.515000000 GHz 


Start Freq 
30.000000 MHz 


Stop Freq 
25.000000000 GHz 


Start 30 MHz Stop 25.00 GHz CF Step 
sRes BW 100 kHz #VBW 300 kHz Sweep 2.386 CD 2.497000000 GHz 


MKR MODE TRC SCL FUNCTION FUNCTION WIDTH FUNCTION VALUE ^ Auto Man 


2.477 GHz 0. 257 dBm 
2 д 4.949 GHz 31.421 dBm 
7.446 7.303 7 Freq Offset 
ES — 
- 0 Hz 


لب حد ال (0 4- 00 6 ә О‏ 


هھ هت 
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8DPSK mode 


Hotline: 400-6611-140 


Lowest Channel 


Agilent Spectrum Analyzer - Swept SA 
L RF 50 AC SENSE:IN ALIGN AUT 
Start Freq 30.000000 MHz ۱ Avg Type: Log-Pwr 
PNO: Fast Cy Trig: Free Run Avg|Hold: 21/400 
IFGain:Low #Atten: 20 dB 


11:39:58 AM Aug 07, 2018 
Frequency 


Auto Tune 
Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
12.515000000 GHz 


StartFreq 
30.000000 MHz 


Stop Freq 


25.000000000 GHz 


Start 30 MHz 


Stop 25.00 GHz CF Step 
#Res BW 100 kHz 


Sweep 2.386 s (1001 pts) 2497000000 GHz 


MKR MODE TRC SCL FUNCTION FUNCTION WIDTH FUNCTION VALUE ^ Auto Man 


1 88: 88 3 2.402 GHz 0. 188 dBm 
2 , 8 05 88 Дд 4.799 GHz 30.720 dBm 
3 7.196 GH "946 dB Freq Offset 


9.618 | 45.536 dBm OHz 


#VBW 300 kHz 


ab od 
اال 0 به نت فا ته د‎ > 


^ 


STATUS 


Middle Channel 


SENSE:INT ALIGN AUTO 





K Spectrum eer س‎ e SA 
11:38:46 AM Aug 07, 2018 
Start Freq 30. 000000 m ۱ Avg Type: Log-Pwr TRACE - 
PNO: Fast | Trig: Free Run Avg|Hold: 12/100 TYPE RE 
IFGain:Low #Atten: 20 dB DET 


Frequency 


Auto Tune 
Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
12.515000000 GHz 


Start Freq 
30.000000 MHz 


Stop Freq 
25.000000000 GHz 


Start 30 MHz 


Stop 25.00 GHz CF Step 
#Res BW 100 kHz 


Sweep 2.386 s (1001 pts) EP T -..፡፡፡፡፡፣፤፡፡፡፡ 


MKR MODE TRC SCL FUNCTION FUNCTION WIDTH FUNCTION VALUE ^ Auto Man 
кк 2.452 GHz E 546 dBm 
31.378 dBm 
me d Em 


#VBW 300 kHz 


Freq Offset 
0Hz 


Agilent Spectrum = == ኣል 
L 5 SENSE: IN ALIGN AUTC 11:37:51 AM Aug 07, 2018 


Start Freq 30. 000000 TT Avg Type: Log-Pwr BEB. Frequency 
Avg|Hold: 11/100 vee fi 
1 


PNO:Fast (,- Trig. Free Run 
Auto Tune 


IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center Freq 
12.515000000 GHz 


StartFreq 
30.000000 MHz 


Stop Freq 
25.000000000 GHz 


Start 30 MHz Stop 25.00 GHz CF Step 


sRes BW 100 kHz #VBW 300 kHz 5۷۷660 2.386 5 (1001 ۱5 2497000000 GHz 


MKR MODE TRC SCL FUNCTION FUNCTION WIDTH FUNCTION VALUE ^ Auto Man 


۳۲3 2.477 GHz 0 704 dBm 
4.949 GHz 32.628 dBm 
N يو‎ usc se9s6dim | 


7.446 dBm Freq Offset 
ma 9. 1 


0 Hz 


— O له ټټ فا‎ 60 @ - Q) NO 


— — 


^ 


» 
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6.11. Radiated Spurious Emission Measurement 


6.11.1. Test Specification 


9kHz- 150kHz 200Hz Quasi-peak Value 


150kHz- 30kHz | Quasi-peak Value 
Receiver Setup: 30MHz 


30MHz-1GHz 100KHz | 300KHz | Quasi-peak Value 
ede tane Peak Value 


microvolts/meter Distance (meters 
30 


Field Strength Umen 
Frequency | Distance Detector 
(microvolts/meter) 
(meters) 
"m 
For radiated emissions below 30MHz 


Distance = 3m 





Test setup: 


Ground Plane 


30MHz to 1GHz 
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Above 1GHz 

















Test Mode: Transmitting mode with modulation 


1. The testing follows the guidelines in Spurious 
Radiated Emissions of ANSI  C63.10:2013 
Measurement Guidelines. 

2. For the radiated emission test below 1GHz: 


The EUT was placed on a turntable with 0.8 meter 
above ground. The EUT was set 3 meters from the 
interference receiving antenna, which was mounted 
on the top of a variable height antenna tower. The 
EUT was arranged to its worst case and then tune 
the antenna tower (from 1 m to 4 m) and turntable 
(from O degree to 360 degrees) to find the maximum 
Test Procedure: reading. A pre-amp and a high PASS filter are used 
for the test in order to get better signal level. 
For the radiated emission test above 1 GHz: 
Place the measurement antenna on a turntable with 
1.5 meter above ground, which is away from each 
area of the EUT determined to be a source of 
emissions at the specified measurement distance, 
while keeping the measurement antenna aimed at 
the source of emissions at each frequency of 
significant emissions, with polarization oriented for 
maximum response. The measurement antenna 
may have to be higher or lower than the EUT, 
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depending on the radiation pattern of the emission 
and staying aimed at the emission source for 
receiving the maximum signal. The final 
measurement antenna elevation shall be that which 
maximizes the emissions. The measurement 
antenna elevation for maximum emissions shall be 
restricted to a range of heights of from 1 m to 4 m 
above the ground or reference ground plane. 

3. Set to the maximum power setting and enable the 
EUT transmit continuously. 

4. Use the following spectrum analyzer settings: 


(1) Span shall wide enough to fully capture the 
emission being measured; 
(2) Set RBW=100 kHz for f < 1 GHz, RBW=1MHz 
for f>1GHz ; VBW2RBW: 
Sweep = auto; Detector function = peak; Trace 
= max hold for peak 
(3) For average measurement: use duty cycle 
correction factor method per 
15.35(c). Duty cycle = On time/100 milliseconds 
On time =N1*L1+N2*L2+...4Nn-1*LNn-1+Nn*Ln 
Where N1 is number of type 1 pulses, L1 is 
length of type 1 pulses, etc. 
Average Emission Level = Peak Emission 
Level + 20*log(Duty cycle) 


Corrected Reading: Antenna Factor + Cable 
Loss + Read Level - Preamp Factor = Level 





Test results: 
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6.11.2. Test Instruments 





Radiated Emission Test Site (966) 


ኢደ oi a Calibration Due 
Equipment Number 
رو مس‎ ESVD 100008 | Sep.27,2018 
Spectrum Analyzer EE S FSQ 200061 İ Sep. 27, 2018 
EM Electronics 
Pre-amplifier Corporation EM30265 07032613 oep. 27, 2018 
CO.,LTD 


Pre-amplifier 8447D 2/2/A05017 | Sep. 27, 2018 


ZHINAN ZN30900A 12024 oep. 27, 2018 


VULBS163 | из | Sep.27,2018 
SBHA 91200 631 | Sep.27,2018 
3BH 9170 Sep. 27, 2018 
N 
N 





U 

1 

2 

/A 
(9KHz-1GH2 -— Sep. 27, 2018 
7د‎ RE-high-02 Sep. 27, 2018 

N/A 

/A 

A 


Coax cable 
(SKHz-1GHz) EJNO NA | вар илин 
Coax cable 
(SKHz-40GHz a — 
EMI Test Software EZ-EMC N/A 


Note: The calibration interval of the above test instruments is 12 months and the calibrations are traceable to 


Technology 





international system unit (SI). 
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6.11.3. Test Data 


Duty cycle correction factor for average measurement 


3DH5 on time (One Pulse) Plot on Channel 39 


Agilent Spectrum Analyzer - Swept SA 


L RF 5 : 
Center Freq 2.441000000 GHz 
PNO 


ALIGN AUTC 

Avg Type: Log-Pwr 
Fast — Trig: Free Run 
IFGain:Low #Atten: 20 dB 


Ref Offset 0.5 dB 
Ref 10.00 dBm 





Center 2.441000000 GHz Span 0 Hz 
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 4.000 ms (1001 pts) 


STATUS 


3DH5 on time (Count Pulses 


Agilent Spectrum Analyzer 


) Plot on Channel 39 


Swept SA 


L f mi ë 
Center Freq 2.441000000 GHz 
PNO: F 


1 ALIGN AUT 
Avg Type: Log-Pwr 
Fast —— Trig:Free Run 
IFGain:Low #Atten: 20 dB 
Ref Offset 0.5 dB 
Ref 10.00 dBm 


Center 2.441000000 GHz Span 0 Hz 
Res BW 1.0 MHz #VBW 1.0 MHz Sweep 100.0 ms (1001 pts) 





Note: 


1. Worst case Duty cycle = on time/100 milliseconds = (2.996*26+1.800)/100=0. 7970 
2. Worst case Duty cycle correction factor = 20*log (Duty cycle) = -1.97dB 
3. 3DH5 has the highest duty cycle worst case and is reported. 


4. The average levels were calculated from the peak level corrected with duty cycle correction factor (-1.97dB) 
derived from 20log (dwell time/100ms). This correction is only for signals that hop with the fundamental signal, 


such as band-edge and harmonic. Other spurious signals that are independent of the hopping signal would not 
use this correction. 
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Below 1GHz 


Report No.: TCT180731E006 





Horizontal: 
80.0 dBuV/m 
FCC Part 15C 3M Radiation 
Margin -6 dB 
40 
5 
6 
4 
3 
1 2 
0.0 ተ” 
30.000 50 70 80 (MHz) 300 400 500 600 700 1000.000 
Site Polarization: Horizontal Temperature: 25 
Limit: FCC Part 15C 3M Radiation Power. ۷ Humidity: 55 96 
Reading Correct Меазыг. = Antenna Table 
No. Mk.  Freq. Level Factor ment Limit Over Height Degree 
MHz dBuV dB dBuV/m dB/m dB Detector cm degree Comment 
1 117.2688 33.10 -14.76 18.34 43.50 -25.16 peak 
2 180.0304 35.16 -15.41 19.75 43.50 -23.75 peak 
3 235.1346 35.84 -13.19 22.65 46.00 -23.35 peak 
4 300.6988 36.69 -10.91 25.78 46.00 -20.22 peak 
5 * 421.3287 43.02 -8.33 34.69 46.00 -11.31 peak 
6 781.9606 34.11 -3.60 30.51 46.00 -15.49 peak 


Hotline: 400-6611-140 
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Vertical: 
800  dBuV/m 
FCC Part 15C 3M Radiation 
Margin -6 dB 
5 سس و‎ 
6 
34 5 | 
1 2 | 
0.0 — 
30.000 40 50 60 70 80 (MHz) 300 400 500 600 700 1000 000 
Site Polarization: Vertical Temperature. 25 
Limit: FCC Part 15C 3M Radiation Power.  DC3.6V Humidity: 55 % 
Reading Correct Меазыг. = Antenna Table 
No. Mk. Freq. Level Factor ment Limit Over Height Degree 
MHz dBuV dB dBuV/m dB/m dB Detector cm degree Comment 
1 69.7179 33.98 -17.43 16.55 40.00 -23.45 peak 
2 110.8581 30.45 -13.62 16.83 43.50 -26.67 peak 
3 231.8531 33.39 -13.29 20.10 46.00 -25.90 peak 
4 252.2523 34.54 -12.63 21.91 46.00 -24.09 peak 
5 421.3287 30.42 -8.33 22.09 46.00 -23.91 peak 
6 * 542.6104 32.49 -6.00 26.49 46.00 -19.51 peak 


Note: 1.The low frequency, which started from 9KHz~30MHz, was pre-scanned and the result which was 20aB lower than 
the limit line per 15.31(0) was not reported 


2. Measurements were conducted in all three channels (high, middle, low) and three modulation (GFSK, 
Pi/4 DQPSK, 8DPSK) and the worst case Mode (Middle channel and Pi/4 DQPSK) was submitted only. 
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Above 1GHz 
Modulation Type: 8DPSK 
Low channel: 2402 MHz 


Peak Correction] Emission Level | ME 
AE Y a . reading əm Facio Peak Beak | -AV — Peak mit (dB, Vm) نتا‎ 
(dBuV) | (dBuV) | (dB/m) 7٣٧ dB vim H H 


ms ee Ee 
| 4804 | H | 4673 | — | 066 | 4739 | — | 74 | 54 | 660 
| 7200 | H | 3801 | — | 950 | 4751 | ፦ | 74 | 54 | 48 
| — ROM | — | 40) —- | - Oa | — 1656) — — 


| 2990 | V | 42384 | ፦ | -827 | 3557 | -— | 74 | 54 | 1843 
1604 | V | 4423 = | 066 | 44898 ሙ | 74 | 54 ән, 


Middle channel: 2441 MHz 


Peak AV  |Correction| Emission Level | 
MHZ) | HİV.) reading | reading | Factor LAR m S 
(dBuV) | (dBuV) | (dB/m) m V/m —- V/m 
[4805 | — | 099 _ 
I i I — -፦ ۱ 


| 4882 | V | 4467 | — | 099 | 4566 | — | 74 | 54 | -8.34 
| 7828 | V | 3921 | — | 987 | 4908 | — | 74 | 54 | 492 - 
Los JM ee oe joe ae a aT ا‎ 


High channel: 2480 MHz 


Peak Correction] Emission Level | 
әта 2. reading | reading | Factor Peak AV መመ” (dB, Vm) LJ 
| ደወ... سح‎ i ee 
| 24885 | H | 46.53 | 
— a a O O 
| 7440 | H | 39.91 | — | 1022 | 5013 | ፦ | 74 | 54 | -3.87 | 
... ። ... . IE | x» 1 Ee ə 


әз Ы за در‎ ay “783 1 4000 £ XA ин иди зи 
| 4900 | V | 4813 | — | 123 | 4946 | ፦ | 74 | 54 | 454 
| 7440 | V | 3708 | — | 10.22 | 4730 | — | 74 | 54 | 670 
Low Ty je. 10. ee | 1 


Note: 


Emission Level=Peak Reading + Correction Factor; Correction Factor= Antenna Factor + Cable loss — Pre-amplifier 
Margin (dB) = Emission Level (Peak) (dBuV/m)-Average limit (dBuV/m) 

The emission levels of other frequencies are very lower than the limit and not show in test report. 

Measurements were conducted from 1 GHz to the 10th harmonic of highest fundamental frequency. 

Data of measurement shown *---"in the above table mean that the reading of emissions is attenuated more than 20 dB 


below the limits or the field strength is too small to be measured. 
Measurements were conducted in all three modulation (GFSK, Pi/4 DQPSK, 8DPSK), and the worst case Mode (P1/4 
DQPSK) was submitted only. 
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Appendix A: Photographs of Test Setup 
Product: Pixel Photo Fram 
Model: Pixoo 
Radiated Emission 


: 
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Conducted Emission 
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Appendix B: Photographs of EUT 
Product: Pixel Photo Fram 
Model: Pixoo 
External Photos 
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Product: Pixel Photo Fram 
Model: Pixoo 
Internal Photos 
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